Objective: To determine the effect of a dedicated lactation consultant (LC) on the percentage of neonates receiving any human milk in the neonatal intensive care unit (NICU) and at discharge over time.
Introduction
The American Academy of Pediatrics recommends human milk (HM) for premature and other high-risk infants as well as the necessary maternal support and education on breast-feeding and HM expression as soon as possible following delivery. 1 HM offers immunological, gastrointestinal, nutritional, developmental and psychological benefits to infants in the neonatal intensive care unit (NICU). 2, 3 In general, studies promoting breast-feeding in the NICU setting focus on preterm infants who are the most vulnerable group of NICU babies with the lowest rate of breast-feeding. [4] [5] [6] [7] [8] [9] [10] However, all infants in the NICU setting would benefit from HM, not only preterm infants.
Meier et al. 11 describe a supplementary structured breast-feeding support program for all NICU admissions regardless of gestational age. The program includes in-hospital breast-feeding sessions with lactation consultants (LCs), posthospital breast-feeding consultation and consultation with the family and nursery personnel. They reported 71% of the mothers were breast-feeding at the time of their infant's discharge from the NICU; no preintervention rates were reported. Gonzalez et al. 12 reported a significant increase in the proportion of babies receiving HM from 31 to 47% (P ¼ 0.002), while they were in the NICU following the implementation of a comprehensive International Board Certified Lactation Consultant (IBCLC) service, including a telephone helpline and LC presence. At discharge the percentage of infants receiving HM increased from 23 to 37% (P ¼ 0.004). Their study population included 40% full-term infants. There are few studies however, which isolate the impact of the dedicated IBCLC alone in the NICU setting.
In addition to the stress of having an infant in intensive care, another factor that may impede the provision of HM is having a baby transferred from the hospital of birth (outborn (OB)) to a regional neonatal center (RNICU) for intensive care, thus, potentially separating the infant from its mother. Previous studies have grouped together inborn and OB infants without taking into account differences between the two populations. 6, 8, 9, 13 Our objectives were (1) to isolate the effect of a dedicated LC over time on infants receiving any HM in the NICU setting, (2) to determine whether their presence would increase infants receiving any HM over time, (3) if this was related to LC experience among infants in the NICU and (4) we also sought to determine whether a difference exists between the proportions of the inborn and OB infants receiving any HM. We examined retrospectively the rates of infants receiving any HM during the hospital stay and at discharge for all babies admitted to the NICU over three time periods: 3 months prior to hiring a dedicated IBCLC, 3 months after her arrival and the subsequent 3 months (a total time span of 9 months). Of the 468 newborns admitted to the RNICU, 406 were eligible for the current study; 257 (63%) inborn and 149 (37%) OB (Figure 1 ). Newborns that had disorders that could seriously impact enteral feeding or had any contraindications for breast-feeding were excluded from the study. Exclusions included 62 (8%) infants; 20 major congenital malformations, 8 cases of surgical necrotizing enterocolitis, 16 infant deaths within 24 h, 5 cases of positive maternal HIV status, 12 cases of maternal substance abuse and 1 case of active maternal tuberculosis.
Methods

Study population
Intervention
The study was a retrospective medical chart review, of three time periods, 3 months each, relative to an IBCLC service initiated at the The IBCLC service was designed to offer educational and clinical support to mothers during their own and their infants hospitalization, as well as preparation to continue breast-feeding following their babies discharge. A dedicated IBCLC, who was also a registered nurse, provided this service. The LC contacted all mothers within 24 h following admission of their infants to the RNICU to discuss feeding options and the opportunity to provide HM for their infant. When the LC was unable to meet a mother in person, telephone contact was attempted. During times when the LC was not available, either the mother's bedside nurse and/or the infant's bedside nurse discussed feeding options for the baby. The LC served as a resource not only to families but also to staff. She conducted in-service training for the medical and nursing staff of the RNICU, well-baby nursery, antepartum and labor and delivery services.
All data were deidentified and included maternal, infant and nutritional data. Maternal characteristics included demographic factors, number of previous pregnancies and type of insurance. Race/ethnicity included White, Black, Hispanic and Others (Asian, others and unknown). Neonatal characteristics included infant's gestational age, birth weight, gender, head circumference, Apgar scores, length of stay in the NICU, number of days on oxygen, occurrence of infection, chronic lung disease, necrotizing enterocolitis and intraventricular hemorrhage grade III or IV. Infections were defined as urinary tract infections, meningitis, and sepsis, which was treated with antibiotics for more than 4 days. Nutritional data described the type of feeding during NICU hospitalization and at discharge as either any HM or exclusive formula.
Ethical considerations
The Institutional Review Board (IRB) at New York Medical College found the study to be exempt from the requirement for IRB review.
Statistical analysis
Comparisons of the three time periods for the entire cohort and for inborn versus OB infants used one-way analysis of variance for continuous variables (data reported as mean ± standard deviation), and w 2 -and Fisher's exact tests for categorical variables. The Kruskal-Wallis test was used to compare nonnormatively distributed variables over time: Apgar scores, number of days the infant required oxygen and the infants' length of hospital stay. The test for trends in proportions was used to evaluate infants receiving any HM during NICU hospital stay and at discharge from the NICU over the three time periods.
14 This is a test to determine whether there is a nonzero slope in the proportions over time. Risk factors and variables for which P<0.05 were selected for multivariate analysis.
Logistic regression analysis was used to determine whether the odds of receiving any HM during infants' hospitalization, or at hospital discharge from the NICU increased from Time 1 through Time 3, adjusting for significant factors from bivariate analysis. Logistic models were constructed for the entire cohort by time period and stratified by inborn (IB) and OB status. The results of the logistic models were expressed as odds ratios (OR) with 95% confidence intervals (CI).
Analysis was performed using Stata/SE 9.0 (Stata Press, College Station, TX, USA). Significance testing was conducted at a critical level of 0.05. gender, hospital of birth, Apgar score, racial distribution or insurance status did not differ by time period. Compared with T2 and T3, infants from T1 were healthier; they had significantly higher birth weight (T1 ¼ 2639±902 versus T2 ¼ 2281±1060 g and T3 ¼ 2284 ± 943 g, P ¼ 0.003) and greater gestational age (36±4 versus 34±5 and 34±4 weeks, P ¼ 0.004). Similarly, significant differences by time were found for length of stay, which was greatest for T2, and the highest percentage of gravida>1 occurred during T3. Furthermore, for birth order, T1 had the highest percentage of singletons, while T3 had the highest percentage of twins and triplets. A higher percentage of vaginal deliveries occurred during T1 compared with T2 and T3 Only the OB cohort showed a significant difference in the percentage of infants receiving any HM during NICU hospitalization and at hospital discharge (Figures 2 and 3) . Test of trends in proportions confirm significant (P<0.05) increases among OB subgroup in rates over time (nonzero slopes for OB in Figures 2 and 3) for infants receiving any HM during NICU hospitalization and any HM at discharge; however, there was no trend detected in the inborn subgroup, as rates remained consistently high.
Results
Controlling for birth weight, infections, number of days on oxygen, length of stay and prenatal steroids, the multivariate analysis showed the percentage of infants receiving any HM increased over time for infants during hospitalization (OR 1.32; 95% CI 1.03 to 1.71) and at discharge (OR 1.30; 95% CI 1.01 to 1.67). Other models adjusting for gravida, birth order, race, vaginal delivery and type of insurance, which were found significant factors from the bivariate analysis, showed little or no change in these results. Adjusting for birth weight, infections, number of days on oxygen, length of stay and prenatal steroids, the multivariate analysis of infants stratified by IB and OB status, showed a significant trend over time for the OB cohort receiving any HM during hospital stay (OR ¼ 1.95; 95% CI 1.25 to 3.04) and any HM at discharge (OR ¼ 1.65; 95% CI 1.06 to 2.57). Controlling for the same factors, IB infants did not show significant differences over time for any HM during hospital stay (OR 1.07; 95% CI 0.77 to 1.48) or any HM at discharge (OR 1.11; (95% CI 0.81 to 1.53).
Other models controlling for gravida, birth order, race, vaginal delivery and type of insurance, significant factors from the bivariate analysis, did not alter the results.
Discussion
We found that the addition of a dedicated IBCLC in the RNICU increased the rates over time of infants receiving any HM in the hospital as well as any HM at time of discharge. The T2 and T3 populations were sicker as compared to T1; they had significantly lower gestational age, lower birth weight, longer length of stay and greater number of multiples. The multivariate analysis, controlling for differences in study population by time periods, demonstrated the impact of the LC was greatest during Time 3 (T3). This was 4 to 6 months after the hire of an IBCLC, allowing time for the LC to acclimatize to the new position and for the medical and nursing staff to utilize the LC as a resource. The LC had implemented several in-service programs for the staff after being hired, so at 4 to 6 months, we are most probably observing the positive results of implementing the LC educational programs as well as the LC's increased experience in the RNICU setting. These findings suggest the importance of supporting mothers during the stress of having a baby admitted to the NICU and are consistent with previous studies, which also found mothers benefit from programs, including lactation support in the NICU setting. 4, 5, 7, 8, [10] [11] [12] 15, 16 In comparing rates of infants receiving any HM in the IB versus OB subgroups, the IBCLC greatest impact was seen in the OB subgroup during NICU hospitalization and at discharge. We feel that the rates of IB infants receiving any HM in our study population had already been maximized, and thus the addition of an IBCLC had little impact on the IB subgroup. These findings suggest more support is needed for mothers of OB babies during their RNICU stay.
A limitation of this study was that there was no follow up once the infants were discharged from the RNICU. The AAP and WHO have recommended exclusive breast-feeding for the first 6 months of life in healthy-term infants. 1, 17 The US DHHS has added exclusive breast-feeding to its Healthy People 2010 goals. 18 For further studies, it is essential that mothers of NICU infants receive continued follow-up to meet the challenges of feeding post discharge NICU infants at home. Furthermore, this study did not address the support systems that were available to mothers either in their family or community which have been reported as beneficial to breast-feeding. 8, 15 No information was collected on mothers returning to work which can also be a barrier to breast-feeding.
There are other limitations to this study. Advanced levels of maternal education have been correlated with positive breast-feeding outcomes. This study was a retrospective medical record chart review; maternal educational levels were not recorded in the medical record. Socioeconomic status was determined by type of health insurance: private, Medicaid, uninsured or unknown. The type of insurance was included in the logistic regression models and was not found to be a significant confounding variable. Prior maternal breast-feeding experience has also been correlated with improved breast-feeding rates; however, information on prior maternal breast-feeding experience was not recorded in the infant's medical record, therefore was not available for analysis.
Benefits of HM for the vulnerable NICU population require support for mothers to initiate and sustain lactation during the stressful time that their infant is in the hospital and especially when separated from the mother due to the infant's transfer to an RNICU. Few studies have evaluated the isolated impact of an LC in these settings. This study demonstrated that by including an IBCLC as a member of the NICU healthcare team, infants are more likely to benefit from HM, and mothers are more likely to receive the support to initiate and maintain a milk supply. Each mother who chooses to provide HM for her infant should receive the emotional support, needed resources and personalized ongoing help from knowledgeable staff, beginning in the immediate postpartum period and continuing beyond hospital discharge. These data demonstrate the LC was most effective in the OB group. Therefore if resources are limited, a concentrated targeted approach is required for the OB subgroup. The results of this study are important to health care providers, hospital administrators and policy makers so that they can target their interventions for the specific patient. The findings are also significant for regional perinatal centers serving as large referral centers whose staff need to know which interventions are most effective for which type of patient.
